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Abstract; Leymus chinensis (Trin. ) Tzvel. (Poaceae) is a perennial, high quality grass and is the dominant species in
Songnen plain, China. Seed germination and seedling growth of Leymus chinensis were investigated under eight levels of
salinity stress (0, 50, 100, 150, 200, 300, 400, 500 mmol/L NaCl) and three temperature regimes (16/28°C , 5/28°C ,
and 5/35°C) and then after the salinity stress was removed. The results of a two-way ANOVA showed that salinity

(including when the salinity stress was removed ), temperature and their interaction significantly affected the seed
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germination and seedling growth of L. chinensis. The highest germination percentage was obtained under non-saline
conditions, and with an increase of NaCl concentration, germination significantly decreased. Seed germination at the
moderate temperature regime of 5/28°C was optimal, with 25.3% of seeds germinating in 200 mmol/L NaCl. The salinity
inhibition for seed germination was greatest at 5/35%C when no seeds germinated above a concentration of 100 mmol/L NaCl
while the salinity inhibition was lightest at 5/28°C. After 18 days, seeds were transferred from salt solutions to distilled
water and those from high salinities ( =150 mmol/L) , the seed germination recovered most quickly at 5/28°C , and slowest
at 5/35°C. At 16/28°C, germination percentage increased with the pre-treatment NaCl concentration. At 5/28C,
germination increased between 0 to 150 mmol/L and then changed little when NaCl was more than 150 mmol/L. However,
seed germination percentage increased from 0 to 100 mmol/L and then decreased from 100 to 500 mmol/L. Seedling growth
was also significantly inhibited by salinities. Under NaCl stress, seedlings grew best at 16/28°C , moderately well at 5/28C
and seedling growth was significantly inhibited at 5/35°C. Seedlings which germinated after being transferred to distilled
water showed different growth patterns with different pre-treatment salinity and temperature regimes. At 16/28°C and
5/28°C, root and shoot length increased with a pre-treatment NaCl concentration of 0 — 100 mmol/L but changed little
when it was more than 100 mmol/L. At 5/35°C, the maximum values of shoot and root length occurred at 100 mmol/L

NaCl, and then decreased when the conceniration was over 100 mmol/L.

Key Words: Leymus chinensis; NaCl; temperature; germination percentage; seedling
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IR A ZE AR K22 5, R B R A T7E 250 ~ 350 mmol/L NaCl Hiihss BE WK™, T Spartina
alterniflora & 1027 mmol/L NaCl ¥k 2 Z 4 REA D] 8% [12] ,Haloxylon ammodendron #F7E 1400 mmol/L NaCl
FRECBEEE " . BETERER T A FENER, B E B R T B8 & Som AT TR R
&', Baskin Al Baskin' " YN  STRERIREOFH T 8 JE7E B T &4 ; BEE RIS B RO RS, 75 B HG
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37.8% 81 43.3% METERAA Y, TR, SERAL SETLKESH TR, BE R RIEE,

T R AL A K B B R — A Y B AR A SR T R M R e % 3-8 AR WA A%
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BRFEERF(TRENR 2.5g) T 2004 4£ 7 KK B H E KL HM AR L v (N45°36', E123°
53) T ARARREE . REBHFHTAEZETIRT, BABSMAET M 4CHBERRGE B8,
B HISER 0. 1% HeCL S X FH#EAT3REH T 10 min, FEFZEME/K s TG HEF
1.2 SERHHE

B R SIS HEATISHE] 2 2006 4E 7 ~8 F . ¥ NaCl Fp Bk &4 0.50,100.,150.200.300.400mmol/L 1 500
mmol/L (YW . ¥ LR F M FHIESHA RRRAN 9 cm FEHIBRIN, BHAHE 3 RER , B1EE 50
PEERT, BNEALMAMA 10 ml EREEVEH, 3T A0 10 ml Z818K , iR A RS O, LIBG ILE R ZEXR o
REFWE R 16/28C .5/35CHI 5/28°C K1 12 h( BEE) , &R 12h (LM, 638 54 wmol-m s ™") , %R 18 d
ZE, MEHEAMHFRRKAE K, HTER/ SH(RE/EKL) . BRERHEERFBUY, BESE
URLRIEFE M, 10 ml Z81B7KIR I 24 h 5k ZRZEMBAK, B4 —% 10 ml 288K , R IGEFRIRE &
HT@%EH k. TRERMITERFRER(FHEZNMH T/ BB A EME &G T HRERMF AL x
100% ) ,ic# B KA, HHER/ EL.
2 ZR5H5%H
2.1 EHSANRENFEMFRFRMLEERKEMN
2.1.1 #H5ANRENFERFRKEREN

ME 1 F1E 2 \TLUR 1,3 FERRAM TR EMF R FERIIFE NaCl ¥ B = T ;A FYR & NaCl
AEIREITDF R R 5/28CEl , HIKR 16/28C , & flh 5/35C, 72 16/28CF , X A ZFH K 63.2%,
50 mmol/L ¥ FEAL Ny 52. 2% , HHEWRE T R FRHMT 50% , i H¥K & 4 300 mmol/L B, & ZF F{L Ny
1. 5% ,#83% 400 mmol/L BA X EM TR K. 5/28C &M T, WK EZFEZER AT 91.3% ,50 ~ 100 mmol/L
NaCl AL 3R/ K ZFFED] 70% ~80% ;T ¥k & i 300 mmol/L B}, KEFH 5 16/28C A HHy 45 RA M. &
5/35CE&MT , FREZER R 61.3% ,NaCl ¥k 5% 50 ~ 500 mmol/L B}, K ZEZBET 25.0% , B 4k B AE 1t
150mmol/L B} , RZFHRKH 0, WHARFZHPEREN, BE BREUXA_ETEBEEZMEERFHE
FR(EKI,
2.1.2 #HASANREX LA KRR

ME 3 TTLLER,3 MARRE T, FELERKAE KB FE NaCl ¥ 5 B98I0 P ; 45 [F NaCl ¥
THRMHK 16/28C >5/28C >5/35C, KU BEUX - EGENEREGENERKRBEE—EHWFH,
NaCl ¥k B <150 mmol/L &t,3 FiR T #/ 8 2L A & , T =200 mmol/L B¢ (5/35CRER4) 2 LA
P, BLINIRVR B NaCl X B R KA K MBI E A Y, BYRE NaCl KM HRENE, FESE
REWBE BB ER AN FRERKAH K WA IR EBEKF(ERD,

F1 #H BERADENEENFRIRNHEEKBRN
Table 1 Effects of salinity, temperature and their interaction on the germination percentage and seedling growth of L. chinensis

BRFRIR RER Vi3S ES
Source of variation Germination percentage Root length Shoot length
4y Salinity 256.1 319.6 262.6
{2 /& Temperature 178.9 20.7 402.5
54 x JRE Salinity x Temperature 48.8 272.1 36.9

RPBARANERH FE, BEKEHRN P <0.001; Data are F values ( Two-way ANOVA) significant at p <0. 001

2.2 HEMREREFERMTRFRMGEERK
2.2.1 MO MFRERE N R S R
A ERE , FER TR FREARBEAMG TUFERRNER (B 4) . WERTZ0TERE
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g 40 o / A s X XXX g 40t
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E 2 T KR g 20r
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b 1 ! 1 ! ! 1 ! 1 !
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1007 sp5c o 5/35C
80 |- 80 |-
= ] 60 A )
60 |- " y=47.66 - 0.3544x + 0.00055x>
a0 L /' 10 R2=0814 p<0.0001
u
20 _w_e—e—e® 0
P
oL / et —JA—A—A—A o A A A
| | 1 | | | |
2 4 6 8 10 12 14 16 18 0 100 200 300 400 500
4 % HEFE Germination course (d) NaCljk & NaCl concentration (mmol/L)
B hofimEXF BT RN B2 3MBETFEMTRIRS NaCLEREXR
Fig. 1 Effects of salinity and temperature on the germination course of Fig. 2 Relationship between the seed germination percentage of L.
L. chinensis chinensis and NaCl concentration under three temperature regimes

24 NaCl ¥ B 1F 400 mmol/L B £ T R 3FHIh 0, A R
1R When the NaCl concentration <400 mmol/L, no germinated

seed was observed and therefore the data was not showed in the figure

B, BRI E N EEM TR RFREARBENEMR(E2), 78 16/28CHMT ,BEEIR NaCl IR EH
B, FEMTRFRERE PTG JRWKE 500 mmol/L NaCl it i &2 R w153 55.3% , SXH A I
R T 45.9% (p <0.05) , 7E5/28°CLHHFT,0 ~150 mmol/L NaCl JEE M, REIREL VR B BN, RFRE B H
EF#aH, R 150 mmol/L NaCl £-¥ T HFF T2 BB KE K 71. 5% , WAE 150 ~500 mmol/L T AbH A £ EFf
TREFRIESS.0~65.3% 20, RLEWE , RABEER, £ 5/BCRHT, FEMTREREERIHE
LR B2 EIHE T RS, 50 mmol/L It &= 49. 1% , 43 Huxd B Al 500 mmol/L 4b 3 18.
1% F140.1% ,
2.2.2 BRI NFELEEKEE N

MBS fiZk 2 LA M, REKE RERHEEN FERRAERSFERER W, 7£ 16/28CH 5/
28CTF R KFEE NaCl ¥ E I RIRINE LT, BRIFEAXNRENEE . JR NaCl ¥E7E 0 ~50
mmol/L i} ,16/28C T EELHHM B KAE KK T 5/28C,100 ~500 mmol/L B W5 F 5/28C 43,
5/35CAMT , BEER5E NaCl ¥ & 89 FH R ¥ RN 56 EFHE T RS, 100 mmol/L i, SR B4 H BRI
(1.7 ecm) FMIH K (3.0 cm) Bk, 70 H A% B 130. 8% F1 136. 4% 3500 mmol/L b 433 A%t BB K 15. 4% F
36.4% . 3 FRHRE TR/ EIWEEA ERIOVTHEES WEERT 208 RER, B L0 R T8
BUR—FH B GBERREEFHTHRKAMER(ER2),
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TSR AR TRAED; () BREARMIEH [ losC i
FHE(3) YRR —ERE RSN S 112
EETRERMTAABEEE N, RRAWHESE 5| Jos
WITE B & B BT SR IR ) A st b 2 B AT 2f Jo4
REERBE NaCl YK ERORINT T WE; SmmaMne)s % =, . ., . ° 7%
NaCl YR SE MO, E R T 2R M AR 29 § 7| o~ 10
—EWE T HAERTHTFHE, BRBAMTRE 3 | JEEEO [y
REWES > NaCLIRFWHIEHTRRUTREER 1| Jos 2
BN T YRR E S AT SR TR BT 5[ . 1005
BETESEROER TRAAMRE BB TR £ 1| T on 2
SRR BRTEAEIRIR, EOV M8 RS, BRI & 5 e
BT I E BB ER TR of 1
R, AXERED, Y NaCl Ve JF 8T 50 mmol/ L | {10
RE B T A TR R, X5 A S Toe
50 ~600 mmol/L NaCl ¥ HAMFIBRMAMAAR [ I 70
BRI, ARLBIN, IR NaCl X E BRI R 0l =t

FRAARHAEN, X —BEN H7EMET 50 mmol/L )
TN . NaCl # il 32 B0Rp 85 & iy B R B LA K B (E
EHFEHIE—BTEANR

BE BRI EMTHRNEBERMZ— , NFF K
I PRER IR SO ER 240 T M RN E S '
ERERD . AXPRRY, BEBERREEHT
AR, RFEMFRIRMBEXWERXBERZ —
5/28C PR EMTREREEET 5/35CH 16/28C,
TR X b ORI AT & B2, W) BB IR B R
b7 EBEE M RS 5 8 H IS ) KBRS L R
FF PR RS RERER CA, AR HERN
ABA A, BB BS540 %5 (B 7R 2 Bl S A S,
HER

Ho 5REBEXEYR T B R HEREY
MARMR? 2 L EAFEUT 4 f%EL (1)
AL R R T P H, W Sogittaria lasifolia"™ 5 (2)
TEARIE T 8B ™\, i Halopyrum mucronatum 81, (3) 78
ERAMGE T M5 &3 % M &\, U0 Sporobolus ioclados
LA M THARMRE SEE XX, W

NaClj j& NaCl concentration (mmol/L)

B3 HafiEENFEEGEAERKEM

Fig.3 Effects of salinity and temperature regime on seedling growth of

L

chinensis

Wvk B 200 mmol/L AR KB K B $ B HXR7". Data was not

shown in the figure when the NaCl concentration exceeded 200 mmol/L
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JHpIE AR T NaClk 2
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B4 JPia AERRET NaCl ¥ B AR BN 5 T R 2P R B 1A

Fig. 4 Effects of pre-treatment salinity and temperature on the seed

Arthrocnemum indicum ™ , ARz VR EEAIEL 4> B AE
MEEMTFHEFRAGHRBERZE R (p <0.001),
VA B L 2 X 43 el o7 AR T 1R B AR AL, 30 il VR
FPN:16/28°C >5/28°C,5/35°C >5/28°C , RMAFRHER T RRR T4 1 MRE, MMHERERR TE™

germination of L. chinensis
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H, RIEM TR LR LA, FER TR EEE B B (R ZFR X 75% ) EBILHERE
(RZZR IR 50% ) MR PRIEBE (K2 RN X R 10% ) LLRBOLHE (P78 & S il) ¥ LL 5/
28CE &, KR 16/728C £ 5/35C sk & 2,

F2 REHREREREEENFEENFLFEMLHE ERKBGRM
Table 2 Effects of salinity pre-removal of the stress, temperature and their interaction on germination and seedling growth of L. chinensis

BRAR REE K K
Source of variation Germination percentage Root length Shoot length
4y Salinity 3.9 7.2 72.7
{2 /& Temperature 24.1 83.8 14.0
54 < IR & Salinity x Temperature 4.2 8.1 10.5

FZHEEARANER K FE, BE KN p<0.01. Data are F values ( Two-way ANOVA) significant at p <0.01

£3 FERETXEHNFHLE
Table 3 Threshold values of salinity tolerance of L. chinensis under different temperature regimes
i £k Salinity tolerance (NaCl mmol/L)

3 C
Tﬁfe(mmie ot k3 BT LHFCRE e PR B SEREBOLEE
Suitable concentration Median lethal concentration Threshold concentration Total lethal concentration
16/28 <45 45 214 295
5/28 58 127 291 375
5/35 <45 <50 132 184

FHAR TR EHIE-EHRER 2 BE IS A #11875%  Data in the table were calculated from the regression functions in Fig. 2

ARAYFET T BRI BB EFRER g o Hk - A R

AR XHEFEHTFHTHETEOEERER . _R°°t fongth Shoot length R°°‘/Sh°°“;‘t;°
2 &, Gulzar f1 Khan™ B 55 3 W, Aeluropus A . '
lagopoides % 500 mmol/L NaCl £:3f 20 d, 78 & & B8 or : iz
J& ,20/30CIEMAN T, REMERIADN 85% , Tite 4| Los
10/20°C FALH 29% , AR RS, FEMFEST 2 b tos
500 mmol/L Ab¥H 18 d JEH), KW E R 5/28CFH = .
RiiAF) 65.3% , U 16/28°C % 55.3% , £ 5/35CH 5 S 720
15X 8.0% (E 4), Huang %> PR, BAH9d 3 6| o 11 2
J& B Haloxylon ammodendron FpF ¥ 72 | 2848 K+, & Lg . L B R 12 i:
Sy 5T (800 ~ 1400 mmol/L) , B KE RMA (40% ), 3 /ﬁ"/@“*éﬂmaw N 038 g
Gtk 50 ~ 600 mmol/L (V47 20% , BihfpimEEF L | T B
TFHARBERRRERM LS R BEHEND &) %
%, HEREL S B, SNRRIBIRE KSEE oL dis
HREEMIRR T AR, RFEMNFENEERSEA 112
IR —FE 4 H o Hos
SAtEA KB T ERRE R AR GIE 2 S0 R
AAWEZ) BFEFNETRUHAFE Y, £ ol ey
5T, NaCl a3 B4R T F ENR KK, WL AR BTNaC 3 g
LS K B S K TR K X 55 Ramoliya Al Pandey™ NaCl concentration pre-removal of the stress (mmol/L)

PRSI —F FEH NaCLYRERIEI, F R H  ms  Wnamssn NaCl vk AR B X2 BgP A KB
*&/ JE H./A%J:ﬂ%% s %'ﬁi’iﬁi@?%ﬁﬁﬂﬁmﬁﬂﬁd\ , ﬁ'ﬁ Fig. 5 [Effects of pre-treatment salinity and temperature on the
St EFA A KRR, X W RE R ERLE NI E  seodling growth of L. chinensis

hitp : //www. ecologica. cn



4716 £ K5 % K 28 %

H— P ERRE, R/ ELRERFEERERAT , S EW N2 BRI RN B REN B RETER
KFAHWEEE. BEGEERREEHHIA R, RIONEE SR A EIIAN T HAER, 7EHEFRK
IR (5/28°CHI5/35C) &M T , 3B N 5/28°C T BOE H s TEH R =R (5/28°C M 16/28°C) 444 F , MR B A
16/28 CHR B AE, 1B B Bt R &l T HAERK,

APTERY, R AT B AR EERE 1 2 , 24 NaCl ¥R BT 50 mmol/L it A& 25 HR g @& W . dnfrsdk
FEREREERTHAMAEANEREE, BB EAFNEMHXBAEZ—. BAEUT 3 fg
#: (1) BY B EBRREEARBSERERED, (2) HR WG, (3) BERMHNREREENTHE
MR, W LORRIE MR ER , RS SRR & BB, A TREEMAG T FEHT
REFR, BHIARBIFHGER D, 724 7 LB T RE M R MISE >, BG4 SR 7 iR A U B 5, A Sy
WAL F R R N TR JRARA ST
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